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Abstract 
In order to improve the performance of the underwater trash detection system effectively, the gain fuzzy controller is 
employed to make programmable gain amplifier work in the optimum status, and its gain will be adjusted according 
to target distance and echo amplitude in time. The target distance and the echo amplitude are input fuzzy variables, 
and the amplifier gain is output fuzzy variable. After designing membership functions and fuzzy control rules, 
defuzzification of the output variable is achieved according to the largest membership degree algorithm. FPGA is 
used to realize gain fuzzy controller with the inference lookup table, and the system experiments are completed. The 
results show: the functions of the gain fuzzy controller based on FPGA are implemented correctly, and the design is 
effectively simplified, and the real-time performance is improved by using the fuzzy inference lookup table.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
With the development of ocean economy, world has paid increasingly attention on the underwater 
ultrasonic detection technology, which can be used for underwater trash detection, underwater search and 
rescue [1], etc. Its basic principle is to transmit ultrasound signal to target direction, and then echo signal 
is formed through reflection by target. According to the echo signal, the correlative information of target, 
such as distance, speed, material, is extracted by the specified circuit. The sound level of echo signal is 
changed in a large range with many factors, such as the distance to the target, reverberation [2], etc. In 
* Guoku Zhao. Tel.: 086-0411-84729569; fax: 086-0411-84723800. 
E-mail address: zhaogk@yeah.net. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
3795Guoku Zhao and Shushi Ning / Procedia Engineering 29 (2012) 3794 – 37982 Guoku Zhao and Shushi Ning / Procedia Engineering 00 (2011) 000–000 
Transmitting driver
Echo Preprocessing Programmable Gain 
Amplifier
System controller (FPGA) 
Circuit unit Interface
Pi
ez
oe
le
ct
ri
c
tr
an
sd
uc
er
 
Po
w
er
ADC
practical applications, in order to acquire the features of target as precise as possible, the auto-gain control 
(AGC) technology is employed in the signal processing circuit. The traditional AGC is on the base of 
time gain control, and adjusts the system gain according to the echo’s amplitude after detector [2-4]. In 
the underwater trash detection system, the output amplitude level of the piezoelectric sensor is changed 
from 500mV to 20mV with the increasing distance to the target. Therefore the distance factor also should 
be considered. When the distance is very far, and the echo is weak, we should improve the receiver’s gain 
and sensibility, otherwise, as the distance to the target shortens, it uses a smaller gain to avoid blocking 
the receiver. Therefore, the gain control technology is employed to improve the performance of the 
underwater ultrasonic signal processing in this paper.  
The paper is organized as follows. Firstly, a description of composition of underwater trash ultrasonic 
detection is presented. Secondly, the gain fuzzy controller is designed. Finally the result of system 
verification is addressed. 
2. Composition of Underwater Trash Ultrasonic Detection 
The fundamental composition of underwater trash ultrasonic detection system is presented in Fig. 1, 
which mainly consists of array of piezoelectric transducer and circuit unit. And circuit unit includes the 
modules of transmitting driver, echo preprocessing, programmable gain amplifier, ADC, system 
controller, and communication interface [1]. According to the control parameters (pulse width, detection 
cycle, etc) from the host machine, the system generates control signal to transmitting driver circuit, and 
the piezoelectric transducer transmits ultrasound with given frequency and width. The echo signals are 
amplified and filtered by preprocessing circuit and amplifier, and then converted into digital signals. 
Finally, these signals are processed by system controller to determine target information.  
The system controller applies the fuzzy operation based on the obtained echo‘s amplitude and target 
distance ,and acquires the value of the Gain Control for the next time in order to make the programmable 
gain amplifier work in the optimum status. 
Fig. 1. Composition of the underwater trash ultrasonic detection system 
3. Gain Fuzzy Controller for Underwater Trash Ultrasonic Detection 
3.1. Gain Fuzzy Control System Structure 
The Fig. 2 contains the gain fuzzy controller workflow. According to the Fig. 2, the amplitude U is 
gained by echo sampling. At the same time, the system controller based on FPGA gives the distance to 
the target S. Based on U and S, the fuzzy operation and inference are achieved by the gain fuzzy 
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controller, and fuzzy gain G is obtained. The gain of the programmable gain amplifier is adjusted, and the 
echo signal can be processed in appropriate state. The stop step segment will be implemented when 
irrational data or catastrophic fluctuation emerge. The 3 fuzzy variables of the controller are defined as 
follows: 
• S-the distance from the underwater trash ultrasonic detection system to the target. 
• U- the amplitude of the echo. 
• G-the gain control parameter of programmable gain amplifier. 
In the variables above, S and U are input fuzzy variables, and G is output fuzzy variable. 
Fig. 2. the gain fuzzy controller workflow 
3.2. Fuzzy Variable Set And Membership Function 
Fig. 3. (a) S’s membership function; (b) U’s membership function 
• Fuzzification of the distance S
The input fuzzy variable S is the distance between the underwater trash ultrasonic detection system to 
the target, and it is divided into 2 stages, which are the definite control stage and the fuzzy control stage. 
If the distance to the target is far more than the range, the receiver can acquits the echo signal, it is the 
definite control stage, and S is longer than 10 m. The fuzzy control stage begins when the receiver can 
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acquits the echo signal firstly, and the range of S is 1 -10m, and we divide it into 10 segments, that is, {1, 
2, 3, 4, 5, 6, 7, 8, 9, 10 }, and its fuzzy set is {VN (Very Near), N (Near), M (Middle) , F (Far) , VF (Very 
Far) }. Fig. 3(a) is S’s membership function graph. 
• Fuzzification of the Amplitude U
In the definite control stage, U is 0 mV. However, in the fuzzy stage, the range of U is 0.5-5V, and is 
divided into 10 segments, that is, {0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0}. The fuzzy set of 
Amplitude U is {VL (Very Low), L (Low) , M (Middle) , H (High) , VH (Very High) }. Fig. 3(b) is U’s
membership function graph. 
• Fuzzification of the Gain G
In practice, AD526 is employed as the programmable gain amplifier, and can work with 5 kinds of 
gain, these are 1, 2, 4, 8 and 16 [5]. In the definite control stage, G is 16. In the fuzzy stage, the range of 
G is 1-8, and we divide it into 4 segments, that is, {1, 2, 4, 8}, and its fuzzy set is {VS (Very Small), S 
(Small) , M (Middle) , B(Big)}. 
3.3. Fuzzy Control Rules And Lookup Table  
The 2 input variables S and U have 5 ranges respectively. Therefore, the fuzzy inference system has 25 
rules. Table 1 presents the output variable G’s fuzzy control rules. The control rules can be described as: 
if  A and B then C. For example, if S is VN and U is VL then G is B. 
Table 1. The fuzzy control rules of the output variable G
U﹨S VN N M F VF 
VL B B B B B 
L M M M B B 
M S S M M M 
H VS VS S S S 
VH VS VS VS VS VS 
Table 2. The fuzzy inference lookup table of the output variable G
The G’s fuzzy matrix RG is as follow: 
U﹨S 1 2 3 4 5 6 7 8 9 10 
0.5 8 8 8 8 8 8 8 8 8 8 
1.0 8 8 8 8 8 8 8 8 8 8 
1.5 4 4 4 4 4 4 8 8 8 8 
2.0 4 4 4 4 4 4 4 8 8 8 
2.5 2 2 2 4 4 4 4 4 4 4 
3.0 2 2 2 2 4 4 4 4 4 4 
3.5 1 1 1 2 2 2 2 2 2 2 
4.0 1 1 1 1 2 2 2 2 2 2 
4.5 1 1 1 1 1 1 1 1 1 1 
5.0 1 1 1 1 1 1 1 1 1 1 
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GUSRG ××=
The RG is 10×10×4  in size. The output matrix G is: 
GRUSG •×= ][
The FPGA is used to achieve the gain fuzzy controller for underwater trash detection system. The 
system requires a higher real-time performance, but the hardware resources are not enough. Therefore it is 
difficult for gain fuzzy controller based on FPGA to calculate the matrixes RG and G step by step. To 
solve the problem, the matrixes RG and G are calculated in advance, and realize the output variables’ 
defuzzification with the largest membership degree algorithm. At last, the fuzzy inference lookup table is 
achieved, as shown in Table 2. For example, if S is 1.0m and U is 0.5V, then G is 8. 
4. System verification 
In order to verify the practical performance of the gain fuzzy controller for underwater trash detection 
system, EP2C8Q208C8 (ALTERA Cyclone II) is employed to build the hardware circuit. QUARTUS II 
software platform is used to complete the compilation, analysis and synthesis [1]. On the basis of the 
previous works, the gain fuzzy controller experiments are completed. The results show:  
•The gain fuzzy controller can make the programmable gain amplifier work in the optimum status. 
•The anti-interference ability of the underwater trash detection system is increased by adding the stop 
step segment. 
•By using the fuzzy inference lookup table, the design of the gain fuzzy controller is effectively 
simplified, and the real-time performance is improved. 
At present, the gain fuzzy controller implemented in EP2C8Q208C8 has been applied successfully in 
some underwater trash detection system.  
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